Data on serum immunoreactive insulin (IRI), glucose tolerance, serum growth hormone (HGH), and amino acid levels obtained during previous studies of 35 children suffering from protein-calorie malnutrition (PCM) have been reviewed. In all children intravenous glucose tolerance tests (1 g/kg glucose) were performed after 24 hr of carbohydrate feeding and before protein was introduced into the diets. In 19 of the 35 cases the tests were repeated 24-72 hr after either an albumin or amino acid infusion or milk feeding, and in 29 after 3-6 weeks of refeeding.
Extract
Data on serum immunoreactive insulin (IRI), glucose tolerance, serum growth hormone (HGH), and amino acid levels obtained during previous studies of 35 children suffering from protein-calorie malnutrition (PCM) have been reviewed. In all children intravenous glucose tolerance tests (1 g/kg glucose) were performed after 24 hr of carbohydrate feeding and before protein was introduced into the diets. In 19 of the 35 cases the tests were repeated 24-72 hr after either an albumin or amino acid infusion or milk feeding, and in 29 after 3-6 weeks of refeeding.
It was found that the IRI response to glucose paralleled the severity of malnutrition, being low on admission, and improving with recovery. There was a correlation between peak IRI response and both serum albumin and serum alanine levels on admission, but acutely induced increase of albumin and infusions of alanine containing amino acids during therapy did not result in a consistent improvement of insulin secretion. Correlation between peak IRI and the branch chain amino acids barely reached significance on admission. There did not appear to be a direct relation between IRI peak or area and either basal HGH levels or the degree of HGH suppressibility.
The glucose intolerance appeared to be related to the poor insulin resDonse. although there were numerous exce~tions of exogenous insulin to correct glucose intolerance (10). Many of the metabolic abnormalities found in PCM are known to be associated with insulin antagonism or resistance (9). Of these, the elevated and poorly suppressible HGH levels (27, 28) are of special interest as HGH and insulin appear to be intimately related in their metabolic functions. The role of HGH in stimulating insulin secretion, its insulin antagonistic action on carbohydrate metabolism, and synergistic effect on amino acid metabolism and protein synthesis are discussed by Rabinowitz (29). It is possible that these functions may be interrelated.
We have reviewed our data on IRI, glucose tolerance, HGH and protein status in PCM, before and during conventional therapy, and also after albumin and amino acid infusions in order to assess (1) whether there is an association between insulin secretion and the altered protein status and amino acid pattern of PCM, (2) whether there is a relation between the abnormalities of insulin secretion and elevated HGH levels, and (3) whether the glucose intolerance is, in the majority of cases, associated with deficient insulin secretion or whether excess HGH plays a major role ir, its pathogenesis.
CASE MATERIALS AND METHODS

PATIENTS STUDIED
which indiiated that factors other than those recorded h this study are likely to be involved in the of the glucose Thirty-five children aged 8-38 months were admitted t o the intolerance of PCM. metabolic unit of the Red Cross Children's Hospital. These are Specula tion included in the group of children described in previous studies (7) (8) (9) . Seven were classed as marasmus and the remainder with The impaired insulin response to glucose characteristic of edema as kwashiorkor or marasmic kwashiorkor. Treatment PCM is associated with severe protein depletion. It is unlikely with antibiotics, hematinics, vitamins, and potassium chloride that the insulin deficiency or the glucose intolerance are was initiated on admission but protein was withheld until the related to a single abnormality; they are more likely part of first tests were performed on the second hospital d.ay. Each widespread metabolic disturbance or adaptation which varies patient was given a diet containing a minimum of 10 g/kg in importance in each individual.
carbohydrate in the first 24 hr before testing, the actual amount depending on the appetite of the individual child. Informed consent for the tests was obtained from the Marked aberration of insulin secretion are common in PCM parents in each case. (7) . Although there is still little agreement concerning the effect of PCM on basal IRI levels (5, 18, 22, 33), numerous TESTS PERFORMED reports of decreased IRI in response to provocative stimuli have been published (5, 15, 16, 22, 23, 25) . There has been For details of the tests performed, see prev~ous publications speculation concerning a causal relation between the sub-(7-9). After 24 hr of carbohydrate feeding all of the patients normal insulin secretion and the decreased glucose tolerance were given a 1 g/kg intravenous glucose load. Venous blood which is also characteristic in PCM, but this has not been samples were collected at 0, 5, 20,45, 60, and 90 min (7) . proved conclusively (4) . In fact, in some cases of kwashiorkor Six of these children were retested after 24 or 72 hr during there is evidence of insulin resistance as demonstrated by a which time a 20 g albumin infusion had been given and milk sustained IRI response to glucose loading (9), and the failure withheld (8) .
Another six children were retested after 24 h r or 72 hr during which time they were given 20 g of an amino acid mixture (33) intravenously following a protocol identical with that used for the albumin infusion.
A further seven children were retested after 36-72 hr of milk feeding (8) .
In all except four children the glucose tolerance test (GTT) was repeated after 3-6 weeks of feeding at a stage of clinical recovery.
METHODS
Serum was sampled and assayed for blood sugar, IRI, HGH, and albumin as described previously (8) . An aliquot of fasting plasma was frozen and stored until the free amino acids could b e measured b y chromatography after protein precipitation. Only alanine and the branch chain amino acids (leucine, isoleucine, and valine) have been considered in this paper. A Technicon amino acid analyzer was used following the method of Hamilton (1 9) and Efron (1 2).
In the majority of cases peak IRI response during the GTT occurred at 5 min. Insulin t o glucose (I/G) ratios were determined by calculating the ratios between the areas under the respective cdrves as measured by planimetry after serial arithmetic plotting of incremental changes of IRI in microunits per milliliter and glucose in milligrams per 1 0 0 ml. The glucose disappearance constant (KtG) was calculated according t o the method of Ikkos and Luft (21) after semilogarithmic plotting of total blood sugar values.
Pearson correlation coefficients were calculated using simple linear regression techniques except in cases where the best fit was obtained with an exponential relation.
RESULTS
RELATION BETWEEN INSULIN SECRETION AND PROTEIN STATI.
Correlation Coefficients (Table I ) . Peak IRI correlates with all variables of protein status o n admission. This relation is not found early during any form of treatment or after 3-6 weeks. When all data are combined, significance is again found.
I/G ratio correlates less impressively with protein status than does peak insulin, whereas IRI area correlates least frequently achieving some significance only with serum alanine on admission and when all data are combined. (Table 2) . Albumin infusion. Although there seems t o be some correlation between serum albumin and insulin peak on admission, only two of the five patients tested have increased IRI response when serum albumin levels are acutely elevated by infusion. Basal HGH drops in two patients (only one of those with an improved IRI response) and suppressibility does not become normal (8) .
Effect of Albumin or Amino Acid Infusion or Milk Feeding on Insulin Secretion and HGH Levels
Amino acid infusion. Amino acid infusion does not alter serum albumin levels, but in three of the six patients IRI peaks and areas are increased. In the remaining three, IRI area increases, in one quite substantially, although the peaks are unaltered. In all six, I/G ratio improves. Basal growth hormone drops in two whose IRI peaks have remained unchanged.
Milk feeding. Milk feeding results in a rise of serum albumin levels in three of the seven cases but in n o instance is the increase achieved equal t o that after albumin infusion. IRI peaks are increased in three cases (not the cases with the higher serum albumin), drop in two, and are unchanged in two. Insulin areas d o not parallel this and actually decrease in five of the cases associated with a diminution of I/G ratio. Basal HGH also decreases in every instance together with a return of normal suppressibility (8) .
In most cases (but with exceptions), the improvement in insulin secretion is accompanied by a rise in serum alanine and 
RELATION BETWEEN INSULIN SECRETION AND HGH
There is n o correlation between either basal HGH or the lowest HGH during glucose loading and any variable of insulin secretion at any stage of the study (P > 0.1). There is a significant negative correlation between HGH and glucose tolerance, as measured by KtG before treatment (P < 0.01) ( Table 3 ). The correlation disappears during feeding (P > 0.01), but becomes evident again when all tests before and after treatment are calculated together (P < 0.001).
RELATION BETWEEN INSULIN SECRETION AND GLUCOSE TOLERANCE (TABLE 3)
On admission there is an extremely significant correlation between insulin secretion and glucose tolerance (P < 0 .OO I), although there are individual exceptions (Fig. 1) . The relation between the insulin response and KtG becomes less significant during albumin and amino acid loading (P < 0.05), which were associated with a more frequent improvement of glucose tolerance than insulin secretion ( Table 2 ). The relation between peak insulin and KtG is the only one of the measured Table 2 . We have attempted to relate the hormonal to the nutritional (P > 0.01). Once more there is a highly significant correlation status of children with PCM. In choosing nutritional variables when all tests are combined (P < 0.001).
Serum albumin, alanine, branch chain amino acids, peak immunoreactive insulin (IRI), insulin area, insulin to glucose (IIG) ratios, glucose disappearance constant ( K t G ) and human growth hormone (HGHj levels on admission (B), after 24(1) to 72(3) hr of either albumin (AZb) or amino acid ( A A ) infusion or milk feeding and on recovery ( A ) in protein-calorie malnutrition
we have used the serum albumin and certain amino acid levels. Relation between peak imrnunoreactive insulin (IRI) and glucose disappearance constant (KtG) before treatment (P < 0.001), during 24-72 hr of treatment (P < 0.05), and after 3-6 weeks of refeeding (P > 0.1). Dotted lines represent the lowest limits of normal for IRI peak and KtG in this study (7) .
Serum albumin is still regarded as one of the most sensitive indices both of the severity of PCM and of t h e subsequent recovery, although it gives n o indication of the degree of muscle wasting (32). However, in the absence of additional quantitative measurements of malnutrition (24-hr urine collections for creatinine are difficult t o obtain and anthropometric variables are erroneous in edematous children), the serum albumin remains the best available assessment of protein depletion in PCM. The serum amino acid pattern on the other hand, reflects both carbohydrate availability and protein depletion (17). The branch chain amino acids, which are normally highly sensitive t o alterations of insulin secretion (13) decrease, and alanine (the major gluconeogenic amino acid) (14) increases with early protein deficiency in which carbohydrate intake is usually adequate (2, 17, 33 ). In our severely depleted patients, all of these amino acids are low and parallel the low serum albumin levels as found by Whitehead (33). The insulin responses t o intravenous glucose only are -considered in this study. Intravenous glucose is a less physiologic stimulus t o insulin secretion than oral glucose loading, and often overcomes the raised threshold t o insulin release in PCM (7). However, because of the frequency of glucose malabsorption and the difficulty in quantitating oral glucose intolerance, the results of oral glucose tolerance tests have been excluded from this report. The significant correlations between peak IRI and serum albumin on admission may reflect merely progressive insulin depletion with increasingly severe protein deficiency. This is borne out by a highly significant correlation when all the tests are analyzed together, both variables having improved with recovery. Evidence against a metabolic relation between insulin and serum albumin is the complete breakdown of the correlation when serum albumin levels are altered acutely by 24-72 hr of therapy (Table 1 ) and the frequency of grossly abnormal insulin responses in marasmus in the face of comparatively normal serum albumin levels (7). Furthermore, after 3-6 weeks when serum albumin levels have usually returned t o normal, insulin secretion may still be impaired (7) .
The relation of peak IRI levels t o serum alanine is similar to that of serum albumin, but, unlike obesity (13), there is n o correlation between fasting IRI and alanine. There is also little correlation with the brand chain amino acids. Again, it seems unlikely that the low levels are causally related. It is not clear what brings about the improved insulin secretion in some and not in other cases during albumin and amino acid infusion or milk feeding. It is unlikely t o be an increase of a single amino acid such as alanine as there is no statistical correlation at this stage. However, the general increase of available amino acids may play a role. On the other hand, all patients received potassium supplementation which may be important in improving insulin secretion in PCM (24). It may be relevant that I/G ratios correlate best with alanine levels as we have found an association between alanine and glucose tolerance
( 6 ) .
Changes of insulin secretion during therapy are not consistently associated with a drop of HGH levels or HGH suppressibility. In addition, neither basal HGH nor the lowest levels during glucose loading bear any statistical relation to insulin secretion. In particular, insulin area, which reflects the duration of insulin secretion and therefore a sustained response, does not correlate with HGH levels, which are usually elevated irrespective of whether low or sustained insulin responses t o glucose are found.
Thus, the degree of insulin deficiency in PCM appears t o be a reflection of the severeity of protein depletion as evidenced by low albumin, branch chain amino acids, and alanine levels; it is probably due t o a functional disturbance within the cells or a faulty gut insulinotrophic mechanism rather than t o a specific association with any circulating factor we have measured, including serum HGH, branch chain amino acids, and alanine. It is not clear whether the isolated improvements of insulin response induced by the maneuvers during the first 3 days of treatment are due t o the availability of amino acids, an adequately maintained carbohydrate intake (although all were given 24 hr of carbohydrate feeding before testing), or potassium supplementation. However, it is evident that when improvement occurs, it often does so rapidly, even after 1 day of refeeding, at a stage when the amino acid pattern is also improved (31). It is impossible t o evaluate from this data whether HGH plays a role in either the stimulation of insulin secretion or in antagonizing its action, as one cannot alter HGH levels in isolation.
In many cases the glucose intolerance may be a result of decreased insulin secretion as reflected by a strong correlation between peak insulin and KtG which is highly significant o n admission and during early treatment. However, it is obvious that other factors such as elevated free fatty acids and liver damage may play a role in causing the glucose intolerance, as
